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(57)Abstract: 

PROBLEM TO BE SOLVED: To enable the integration of active 
regions and passive waveguide regions of a small radius of 
curvature by using an Integral forming technique of an active 
layer by selective MOVPE (org. metal vapor phase growth 
method) by forming waveguides corresponding to a high mesa 
structure in the passive waveguides while the selective MOVPE 
is used. 

SOLUTION: Clad layers are embedded into the semiconductor 
substrate by dividing these layers to the first clad layer 5 
having the refractive index larger than the refractive index of 
InP and the second clad layer 6 the same as the substrate 1 at 
the time of growing the InP embedment layers after the 
simultaneous growth of the lower clad layer 2, active layer 3 
and upper clad layer 4 on the semiconductor substrate 1 by 
selective growth using the MOVPE. Then, the refractive indices 
of the active layer 3 which is the initially selectively grown 
optical waveguide layer and the first clad layer 5 grown in the 
second time may be made nearly the same and the guided light 
is confined mainly into the first clad layer 5 in the passive 
waveguide region. Namely, the structure similar to the high mesa structure is obtd. and the radius of 
curvature may be reduced even in the curvilinear waveguide. The miniaturization of the semiconductor 
optical element is thus embodied. 
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C57) [S^] 

im^^m ] mtRM O V P E {C J: ^ ^N'> F ^'x 

rSttJi=£-fiW^^ I n P ^ 0 m9Tm<Dmi> l n 

GaAs Pm i?^.;, Fa, I nPll2i7^.> KJS^a 

iggifi* ji^fc i ^ c i J: f5 > < r 





1 

^a^i' V FM^s^^^c < i ^bH 2*^Sm 1 ^ F 

mmsm i^^^^ FBojsw^j&^friB^ i a^^^isjwt: 

^2gS§M«{Cfcl^^HylBl|2^mS^ 1 if^ F«©/>' 
1 tBtg©¥*fl:?^8l3^To 

[if 3 ] mm^mmm^mtmcai-) ^rmm 2 m 

1 S/c«2©t,^-m>0^iBtg©**^7^»a*^= 

[it^iM4 ] wriBll2*miail 1 i'^ FMCD^^i- 
rmWMm^ 2 2»^sii 2 ^ ^ F)l<D+ i- >; rj^a 
ffil^C i^if^i-rs^^qf 1 3 ©i^-rti^'iB 

[»*^ 5 ] B((iBS«)^ieiJSM«5{c*jW S B9iB^2 « 
i'^-^ FS©MM(c«iri2^f*««{cairs?i 

l-n^^tBtgO^^^Tte^^^T. 
[ If ^« 6 ] ritt^i^fc J: D'SKi^igSSfl^j*^ 6 J5: -S 

-rB«iBrgttffi«J:^*>»<. *^-:3Buia«Ki^^M«5ic 
^'x;!^;^^--^: 0 ^i^^ < . HuiBrSttM^K^-w^BtiiB 

F»{c J: , m^'mmmmm>'pu < t ^>±si5*i 

j:ytT>K-7'm2i'^-:' FJi*i6.^c9, mtKT>F- 

1 7 FgcDB«f¥*smria» 1 mmm^imi^ 
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2 

fcJ;DfwrlBT> F-7"^2 F®©S*f*J; 

. mf IBrg&M^Jcfct-t ^ X F •:fWfimt2. 
i ¥^#rgttji^fM-r ^XS i . WJ>' 2 :^(Dm^W- 

mm^^ F 7 >f 7-i^(c?Fj^ . Bafaffit4fiii*i ctDSg? 
mi fm^j^ D^HfriBH 2 1 ^ FM J; 

[ it*Ji 8 ] mmm 2 '^^yv FB 

20 [ it^JI 9 ] mt^m 2 M^m-^m^W ^^y-j FS 

[if «]1 1 0 ] mrta^ 2 ^ ^ y FJ1©± 

§|5(CJP$aL/c^2«mM^*^^=i>^fi' Fg. feJlD^'lu 
fam2*iiM*^^*m li'^^y FJg%v>^ i L/cgJ? 

auy^lyific^K), la fan 2 ^SS^J^^ftH 1 ^ F 

[ft ^is 11] mi ^mM*^»»^©ii>ni: < i ^ 
tSISM^fcX F ^ ^ 7-t^fC?]5^$nfc2*©^m<$»)l 
^> tfftarSmii^KijWS;^ F -7 7'$i*5Huia$K»#^ 
B8M«{cfclt S X F 7 T'ffiJ: 0 4>Ja < iQ: J: ^ {cg:5£ 
or. BfrlBR«<*ar)lfcJ^*4afcM«(Cif>^d: < i 
<*?SttM^0fiST^XSi . OTIB^i^M^rl^^O > 
OTtB^ft?gtt)l©fflijmi J:C>*±SR*a5 J: ^ {c. MS 

^li^^as J: t) mirmco^i^m 2 *msm 1 ^ f® 
isj:zj^mmm2mmmmi i^^yv FjgJ:o «*?¥©©(. ^ 

fcJ;(>*^©ffl[JS|5©S5rlall2^mMmi FB^^r 
i^fc. BfriBr§ttMiS*iJ:0*BuiaSKj««S§^I^fc-fg 

t-C> 0UiB^{^#i*a^*-C;^ F 5 -f 7•^^(C^■t^X 

y-rsxa^^tfc i*iftii<b^*¥zi«:3fes^«^© 

[ nim. 12] mi ^Ms^«»K«±©?gttM«^te 
ci: u^nmmi%mA^ 7.v=7^ -^mmis. s n/c 2 *© 

so iBSKiii?S?iSMJ«{c*5t'^S;^ F ^ >r :/iPiJ: 0 4>)J:< 
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m-cmiK mmimmmncisv) mm^mW{mm(Dm 

[iS*a 13] ^1 2»SS*»*»«±©Stt^*J 

X h ^ ^'t^tcffj^-r ^ i i ^> tctuiaSKi»iSS§fIi|jcD 

BU§BStt«««C*jttSMiB¥^«:?g14Jl©Mgl5*5J: 

2>*±g|5©a'^SI 2 ^m^if^^f* 7 F«r'aes5iAt^x 

[000 1 ] 
[0 002] 

[0 0 0 3 ] ^CD— Fdib-r. ^i^^^ry F«7-^(Cffl(,> 
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[ 0 0 0 4 ] COck 5 «l*-r*l^>i|£ 

[0 00 5 ] ±i3©S**?^STS«^©«®:^Si L- 

10 ^m^^fc-ysmt^h^ (#^¥4 -30398 2-^) . c 

^*«a*^©^3g4^t-WMll^■^ . ( a ) . ( b ) 
u^n^tLxm.mm , ^iii**^ssMfeijK i^f s btmh 

-s. ^ fern 7 fc «-?-©m:/^iS?r^t-. 
[0006] n m^mw&m 1 ±(cj^ y n >mfbM^c i- 
©22^©Rm^ifM2 1 h ^-ymmmt^ m 

7(a) fccfcO' (b) ) „ C<D2:^(Ommimm2 1 (C 

i^2 3 <!:SKl#?eiS««2 4fC*jl»r, ilS#«M2 1 
20 ©■7Xi'it§?:^{b$ii-C*J<o •r^ct>%Sf4«i^2 3{C 

[0 00 7] C©J:^^i:-7Xi'.'N-^f->^fJfiSLfc¥# 

1 Aiic-mm^mmmsm (movpe. ^>u< 

«MOCVD) (Cj;f3, nM¥^f*T§Pi' ^ t:^ KS2 . 

e.)&si<':/ji'^5"n«j6*a!figMJi?2 2icmmmi.cjim 

(H7 (c) ) , c©i^, '7Xi'm-)fin:.\.^mm3.ii 

30 MOVPEiJ#*©5b!)*JcJ:0. 

"©;^^itcs»*j«?)i^-fiu-cff$^-r€. c t*5r# 

So 

[0008] ilt^r^i!e«^^©K«*^?|E|g|2 1 ^ap 
^mvimicrh (S7 (d) ) „ vxi7 7N-^->{j07 
( e ) ©J: ^{c07 ( b ) xmmhfcmmwmm2 1 ^ 

■€-©**^effltr^J>J;l»L.. 07 (f ) <Dj^^K.-?7.i; 

mi>^-Mt<ct£:hX'iicmmwnm2 i ^nmmutcm 

40 «fc p m^i^=i i^^ifVmi *rittJi 3 ©igptect 

c^fflij8i5^&a«&jit?j;^(c0fiRt-s (07 (g) ) . -ei/ 

r4^^f*=i > 3r F g 7 ©«M*5 J:C)t»«afflfcSS* 
[000 9] ^c*5. 3lS«nS'©*^f*»«<&fflt,»rfc 

0, -e©«^i'7-;/F®8ttpM<b^cSo Sfor^ib^ 

[0010] XLlci^mtti>-)mi. or. jSlRfiSSL/fc 
50 rSttg^Sfeiitfl^K:. *TStt^lS««©i^T> K 
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HSgSnri** 44 2 8 3) , 

[0011] 

[mmm^-r^^mm ±iBcDj:^(csfj?MovPE 

■2.0 L/;^>^L/> jiJRM0VPE-C»-7Xi'ili§cD$l|l^^Kj# 
MS§M^ (06 (b) ) {Cfct^r. )SSii©BJP5&^?§tt 

w^fc-rmmsz-Qo^om^Th^w^umTh. mm 

[0012] 
■5. 

[0013] ffittMJ|g*5j:DfS«l^SE?gl«MJ|!S*^6i&^^ 

^88M«{c*sW^ B«gB¥#^?iffii®fflfJ§P*J J; 0^±gP 
2 ^^M^^f* ^ ^ K B K J: t) -fS U r aa^jA ^ 

m^^'yv mifi'ptsi <t^m2 mmmm li^^vb-m 

mM^V-mt^% 2 2 i' ^ H JKDBJtf^ j: 0 
[0 0 1 4] ^N'>Kx^.;l/:¥^- (eV) - 1. 2 

mm. (Mm) i-rsi. ?sffis«7fe?efi*5 

ni. 3 Mm. i^3. 5 : 1 . 05- 

*^1. 15um. *5j3. 25~^3. 4:^li?^->F 
Jit?*^l. 05~*^1. ISizm. $^3. 25~|^J3. 
4 : 112 i'^^' FJ§-C*5jO. 9 2 Mm. *^>3. 2 1 "C* 

9. 5 5 Mm©i»^(c»^fii«SJ&:-5.**. ± 

ffittM^i^ttiilSMJ^iora-C^O F+> r^x^^^P 
't^-Mja^ 1 2 0 m e V . BJt^S 0 . 1 SK*<l«W* 
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[0015] miao^^^^feSaim-^icfcc^-r. buIBS 

ttMi^fC*Jlt5f5nBSl2^^0 1 7 FM©^^•> F 

IB^ 2 ^HMH FJi©''^> F =^^> 7*:^ 

[0016] ^mmi^md^ i . 3 Mm©« 

^(c . HulBritttR^^cfci^ SWiB^ 2 l ^ 

F ^' > F 7'x )\^^-~im S L < « 0 . 9 2 
10 -1. 1 0 Mm. mffBS«&^-ig3§ffi^(C*5W^|«IB02 

1 Fe©^>'> F=^^+ 2' •:f^i(^)v^~im 

Sb<Wl. 05~1. 1 5?i)K-r*-5„ 
[0017] Bfrie©4^*i*7fe«a«^(cfc-iir. wtas 

«l*?giE§MllSfC*iC^ SSuiBII2 1 ^ V FS© 

/^*>F^•f ->»:^x;H;U:^^-j&J. lrSg«j^?e!SM«g{cfc 

t-f 5B«iB**^ffitte©^-?> F^> V'x.3i.)V^-t.n 

[0018] fsriacD^^T^mig^tcfci^-c. miim 
2 ^^M^ 1 ^ F s© f rmmmi^ 2 »m 
20 ^2i'7 -;' Fa©+f ';r?ssJ:D®i^ci<&#iit<t 

[0019] mwf5rfBii2^sa0 1 FB©=^^ 

+ T?m«5 X 1 0 c m-^ jyr. B«iBm2*mMM 
2 i'^' -y FB©+1' y T?S;S3!)55 X 1 0^' cm-'^fi^L 

[0020] m^<D^mi^^mm'f-i>cis\,>x. 

30 [002 1 ] m^mmsj^ixj^mmm^mmp'his:^'^ 

ftriaffiisM^j: <o'hm< tf^-^m%i^mmmmm<c^n 
^mwi^m{mnm(DJ^-> f4^> •>7-x;^;i.4^--*SBaiiB 
tm.mm<<cis\.ihm%E^mm^nm<D^^^^ F=t^> ^-x 

tsttaofflijgpfc J; o*±si5*5^ 2 mmm^mw ^^yv fjs 
(c cfc «3 . mt^'^m^mmm'pfi < t ^^.wfir:^ f 

40 -vm^w^'^v F®(cj;f)3!*i:L'ra&jA*tiri^-s 

FJl*^iJ>^c< i^>T> F-:7-|| \t>^v FJi*iJ;i>'T 
> F-7"^2 ^-5- FJl*^6^d: «5 . msETly F-7"l| 1 
FJlOfflSf^d^Boia^ 1 ^^M^^^aSteJ;^' 

inar > f-:?'02 5 fbosw^j: d c i j& 
[ 0 0 2 2 ] ^ 1 mmm^mi^mm:.<Dm^mm^^:/ 

50 wmmsmmici6Vf?,xh^^^mj^^'hm<rj:?>.k^ 
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±§15=5: . l«iE*^^«S J: «3 JfflJir^CDSft 2 
1 ^ FJifc J:D'"B«iB0 2^«Mm l^'y'V Kg <fc «9 

[002 3] Wie©¥»«:^«^-^®i^jt:^S(c*j(,^ 
[0024] WiB©i^^<*5felims-?©Sit:?^{c*j(,» 

r. Buiam2*^S^I^^^;^5-;' FJl=l:?f$)S-r-2>l^©if 

[002 5] fffa©¥Sft3fe«a«^©Mi»:^ffi(cfct,^ 

m2*SM**<*3>^fi' Ml. *Jctcm^»2^t^ 

[ 0 0 2 6 ] ^ 1 mmm.^m\tmm:.<D'pu < i -b^itt 
^murmom^mz mmim ii>z> v fji*j 

2^mism2i7-7-> FJi^. miB?gttMiDj*J<J:0*Buia^ 
J;0''?-©tfiJSiJ©S«ia^22imS^l F^^^^-TJ: 

[ 0 0 2 7 ] m m^mMm!^mR.iL(omm%msi:-a- 
^wmmi^m^T. f ^ -c 7-<^(cff$^$ n/c 2 *cDsim 

fc^^LT, B«8ail««f^Jl(cJ)?*ti/cM^(c^^c< i 
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m > , Buf BrSttM^fc *5 W ^ B«ia*^{*-?SttJlCDfSiJg|3fc 
cl:af±g|3©*5^^^2#m§^*^f*:i'7 Fil-C^^XS 
M§BS«^jg8SMl^<D*2*<DSIS^SM*XF7 

%^r:y¥-ym Yf'yv Fe<J: 0@Sf*©®OT> F- 
^7-^ 2 -7 F HJC J: a&iitfXfi^^t? C b. 

[ 0 0 2 8 ] ^ 1 wmm.^mmmL<m'mmsi^-a- 

Si6*iSSSMfe:^ocx F -5 '1' 7*t^(c?fj^ 3 nfc 2 2^©Km 
^ffi^fc , luiaSttM^fc *3 W ^ X F 7-its*3S5riBS 

^4^#fr?g14Jl?:jf$jS-r . WtaStt^Iiifctitf 

vx i'iPiJ:0$^<!5:-Sj;5 

20 2 1 7 FBfc J: O'MI20 2 ^^MH 

1 i'^-:' F®J:«3@&f*©ffiU^2^mMm2i'7f F 
Jg^&ffJ^-rSXSi. MfBtSttMJ^O^fCMEffittB© 
MIiJ^&X F ^ -r :7*tt(C|^*br 2 :$:©PS^SJjI?&X h 
^ ^ y'mmmr?> tit. iCB«iBaK)^?gS§Mfe:J{©l«iB 
02*^MI^2 i/^ -^^ FS±gPW^^*^«MrSt^ BflT 

[0 02 9] 

30 [f^ffl] *MSjg^©«5*fii3fe*<g?lgt-rS:&S©— :><!: 
or, 7 F i ®® i)f *M©/J^ 5 1 » 3 T H ^ik^W/P 

■To 

[0 030] In p^i^mm 1 ^&.mb. rnsMj^ 

1. 1 MmSJS© I nGa P3TJ15 (g/fi^O. 5 m 
m) , I nPi'v-^ FJ16 (g;»*tjl /urn) ^mmVfc 
f^, 1^2 Mm©gii3«cKSl $t?i-;'g^>i/trti^2 

[0 03 1 ] :$:mB<D±^U. jSJj^MO V P E^ffit^fc 

:7^;ffi;S:ffii^^c*s6, SI^l#j^^§ic*5l^rc©^^'l'y■^^« 

[0032] *^BJ©-^J-C*€,7fc««^^^©ffittM^ 
*jJ:O'S«)^!§MJ|){©»r®«jS=&01 (a) (b)(C 

TSP^'^s' FJ12. JgffiiS, ±^i7^y m4=S:~m 
50 fi)SSL/)t^©l nP««>ii*g©R54RI^«C. ®Jf**JI 
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nP(Cj:l:-xr;^^^i:01 FI15 (InGaP^c 

t) ^j:u^mmtmcm2i7^y v'me (inP)cD2 

[0 03 3] i'^v b'mi<cpm^mii^^mi^fcm-^. u 
^<DWMxmtifcmw.^^m^m.<^j^ i>m^^nm-rh 

[0034] a^©^7=^^V;^®+i' UTiSmSB X 1 
0^' cm-^Jii^±/&5jiJ.g-c> a^Wl X 1 0"cm-'^ 
'C*^*^^ ^^iSSS-CttS X 1 0" cm-'JWT(C-r-5.j£J 

[0035] 3fe*5«ttMi^{c*3t,^-C«, f^lif'yVYm 

P nSl^;&i' I n P©!t:^^-^35>6 I n P/ I n G a A s 
P^^4 & 0 . tfjb F >r >7}<7->ix + ^b*S/jN3 < iiS: Oil 

[0 03 6]H2(e)« ( f ) {CvX^'/n-3?->?&^ 

[003 7] */c2IiI@®S26jA^ggft®|^{C0 1 ^5^7 
F8cDi|ii*sjr < c i <lrjMC:t.5fcd6fctt, 1 HIS© 

m^mm<DmiRis& i pi d ^pipi© v x - ><£ffl 
X . mcmmxcD^ x ifi^i^ssii^jgisMJiso v x ^ m 

JB®BJ?*^ < -r S c i ifixt . JfflSf 2 ^ F 
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[0 0 3 8] $?>{C, Se*©S?ai5t?M-^/cJ;a{C. 

mt^^ic. fm.mmxit^mAK)^pminPi'^y 
m 8 xmisbjLi^. -:^^wmmmMmxitm i^^y 

FB-C^-ST> F-r?' I nGaA s PBS. 112^^':' 

10 Fgr&sr> F-7' I n pm6X'2mm((cm^j2<mt 

[0 03 9] 

[^ife^^ij] ^:xTmm^mi>xmi^.<Dm^mmiiJ:zj^mm 
yjmic-oi.^xmm-r^o hi (a) . (b) it^mmo 
mi<Dmmmx$>?>^m»ymmm^<Dmm'S:7i^rwim 
mx$>K). HI (a) imnmm, hi (b) itsmm 

[0 04 0] nMI nP«Kl±(e:nMI nPTg|5^7 
':'Fg2 ( + f •;T^^gSl X 1 0"cm-') . I nGa 
20 As P#F7H*Jci:a'" I nGa A s P>'^" V T;{>ie.:^-S^ 
«M^#FStt»3 . isJzU^pmi n PiSPi'v FJl 
4 ( + f yr^mi X 1 0"cm-') i>iM9imiicmm^ 

[0 04 1 ] r§t4®3©ips»t.^-rti€> 1. 5Mmr* 
So a^-#FffittM©y-<>fc:--i7^S«. rgt4M^r 

is Ki , SttMiS-cm?jS?^LA5C J: 0 ^ D S'iSS 1 . 3 y m 
©7fe»Stti«iS^SSM«t:tteRJK 3 tx^c 1 ^ C ©tgttJI 3 
^SibjAOJ: ^> (c. pMI nGaAs P^l i'^i. FB 
30 5 (B/IO . 8 Mm. F4^> 1 . Obu 

m. ^^^i' ';r?«)S5 X 1 O^'cm-^ , fcJ;0'pMI n 

pm2i'^y fme (mmium. ^^^t-urrisixi 

AsP^l^'^'^FBS omitfmmmxit SumX^ 

^mmvx. 9mmMmmxit4 umtbfc. ttc 
m^^mmxit^hiicpmi nGaAs 3>^j*' fb (b 

mo. Sum. +1' VT^ffil X 1 0'»cm-0 *iSB 

W(c»nff.ijm@3 2 ;^5^M(cff$JS$nrt,iSo 
40 [0 042] ^^{C2js:^jt©M^^a4H 2 ^ffll^T^BJ 
•rs. H2(a). (c). (d). (e) . <h) « 
ffittM^*Sl*ttS«j^ig8SMftgtci3t^S»TMH. H2 
(b), (e) . ( f ) «•rx^'>'^•^?">5:7^t-SH® 
■CabSo *-rH2 (a) (b) icfik-t^^ic. n 

M I n 1 ©^HJcs^ y 3 >Kfb!lg^c i'©-^©il 
m*^?ilS2 1 *x F 7 7-#:fcff$^-r€.o 1I«#^M2 
1 (CM* n/c^JSM^ 2 2 ©mitt 1 . 5 M m -^i L/ « 
-:)5'R««i»J!i2 1 ©•7X^'ititt?SttMi|!«2 3-Ctt2 0 
Mm. S»|3jKgK^Jg?2 4-ett6MmiL.yt, -etrH 
50 2 (c) {CS^-rJ:^^:. nSI nPTSPi'^r? F®2. 
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aJRMOVPEfCctOff^fiSL/Co 'Aim2 (e) ife^t^ 
» (f) JCm-rJr^fC^M^EEtC^b/c^ft^M 
2 1 *g|5^W(C^*L'. ffittMJ|^2 3-Citi8 Atm. Stt 
^!SMJ^2 4-Ci|i§4 MmOvXi'mgP^Kt^f (02 
(d) ) . ffO'SJf?MOVPE(cJ:f). pMInGaA 
sPUl y K«5. pSI nPll2;J^^ -;/ h-J16, 

S3©±g|5*3J:^>'^IlJg|5^^1^63A^/c (H2 (g) ) , 
[0 043] C n-C® 1 ©«B5!)^jFf$fiR3n/c*S. 2 6 

fc86(C, H2 (h) CC^^J:^.(Cpai nGaAsP^ 

1 i' ^ ■;' Fs 5 (Dmrni-c I n pa« i dcm-r^m 25^ 

pMI nGaAsn>tS?^hB7fcJ;DfpMI 
nGaAs PHI ^J'^-j- F)15 «x ^^^i^'sniSl*© 

-c. atRwtc I n pmm 1 ^-r^ c ta^-c 

[0044] 'Aicm 2 CDI^JiifiJi LX. S 3 {C^j^^ft^fe 

^#^)K2 isSTfl^fiSU/cnSI nP»«l±{CnMI 

n PTgP^ 7 -i. FM 2 , ^«S^#F?St4ll 3 . p M I 

(03 (a) ) , ;^(cS§m*^M2 l^^SO. ^Htc 
pSI nGaA s PSIl i'^i' FJg5. p®InP||2 

FJ16fcJ:0fpMI nGAs3>^?i7 hMl^m 
m^fc (H3 (b) ) „ -AicmmiCl^iyX h^^•^^->^ 

ofc ms (c) ) . 

C0 04 5] «©^$W*^2. 5 Mm. itittSum. m 

miti^mmz 3 r e m m . «tt^isg§Mi^ 2 4 t 3 m 

mi Via. C<Dmkmiicj::-^-ci>. M2<DWk^ic 

SJRe^JcjfJfiSf -SSttJ10ifi« 1. 5MmJ:f3JA<r4> 
J:<. «lil«?e8SM^2 4-C«ilS^*:?tM2 1 «r?l^^-a- 
■r^MfCfiSSL.T4>J;t,i. CCOm-^-ChmiRMOVPE 

[0046] -AicmscDmmm^mA ^mi>xmmr 

^« nitf^fi^ftaK 1 ±{C nM I n PT§I5^ ^ F® 2 
(^^i'UT?Sei X 1 O^'cm-^) . InGaAsP# 
F7)g*J<l;0*I nGaAs P^^-';T3&>6!ti:S^*«T# 
FffittJiS. fcjTDfpMI nPigP^^-;; F)14 (^^^i- 

yrr^a 1 X 1 o" c m-^ ) *^'3iJKW(c0^$nrt,^ 

•S. rgttB3©ilii{*t,i-rih^l. 5/xiat?*So com 

ffia3*aa>jit?<fc^{c. ^^j^ (04 (a) ) -et* 
pminPi^^vh'ms immi. 5 Mm. ^i^yTai 
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IKI X 1 0"cm-') fcirO'p^I nGaAs=i>^?5' 
FJi («J*0. 3um, +f Ur?aeiX 1 0"c 
m-O «tt^8S«i^ (04 (b) ) -Cttr>F- 

nGaAs PHI i'-?-^ FJg5 (®/?0. 8 Mm. 

F+> y'mS: I. 0 5 Mm) . *JJ:J>"T> F-7" 
I n PH2 i'^ -^^ F®6 (JiWl Mm) ;C)5?i^^Sti-Cl^ 

[0 047] m^mmi'Cisi^i>pmi nPi'^y ¥m8 
©ipi«8 Mm-c^^cDJcstLr. ^wjmm^^mdcm-f 

10 -2.T> F-7'I nGa A s PHI i'^ u- FJi5®iJitt4 
MmiU/c, */cSttM:^r«Se.K:aB{CpffliJ®E3 

1 $ nr 0 > s , WJfC tt n Msg 3 2 

iSSSM««C*5lir^jg^3&5HDiAisb?>n5 I nGaAs 
Pmi^^y Fe5*!T> F-:/-C*5A:fe. ffim^^ 

4 4 2 8 3 i -cfe D . ^wmmmmmic * t^r 

HI. H2^7-:> F®(c^lt-C?^fi!c-rS^.3&SM^S, 

20 [0048] 'A(tcm4<Dmmmi>c'o^^x. ms^mi^x 
mm-r^. t-rm5 (a) isj:^ (b) {c^-rj;'5fc. 

n M I n P 1 ©aSK: V 3 >^{tlR!fe >Pf © 

pmf*»)ii2 1 [-^-{y-mcjim-r?,. mmimm 

2 1 {C^^nfc^igM^2 2©ipi»l . 5 Mm-^i 

-:3?R^«:^M2 l©v;:^i7ifi»ffittM«2 3ri* 

5 0 Mm. SS6^8S«^2 4-C»3 0MmiL';^, ^ 
UrHS (c) ic^-rJ:5«:. nS I n PTSRi'^':' F 

s 2 . ^mm^^wmm 3 . p a i n Pigp^^ ^ f 

a4^jliRMOVPEC£:J;«3ffJfigLfc. iJj{C05 (d) 
30 (cs^-r J: 5 {c^1i^*«lgl2 1 ^m^micx. v ifhx 
?S^M«2 3(C*j^:t§-7X^'i|ii>& 1 0 MmiL. —iS^ 

wmmmmmz 4r«iH3 0 m m©* * <t m^m 

JRMOVPEJCJ:*). pS» I nGaA s PHI ^'^2' F 
»5. pM I nPH2 F»6*^J13©±ai5«: 

W-f&hfc (05 (e) ) „ 

[0049] c©^s-e»sitji 3 mmntmc^m 

zim8SMli2 4T©v;^i/i|i3&5:^tUfc*. sa&^K 
Mft!{2 4{Cfc(,i-t:pS I nGa A s PHI i'^yV FM5 
©JS;i*50. 5 Mm. f^->}r^^vV'W&ifil. 05 m 

40 m-cife-ofc©{c^stt/. tgi4Mi^2 3r»-en^no. 2 

Mm. 0. 9 7 Mm-C*D. rSttM^-CttpSI nGa 
As PHI F)i5^««pSI nPBimi^=c-ti 

^, 36fc05 (f ) {OT^-rJ:^{C. i?m*^»M2 1* 
WO'Ji^fiabrjSt4Mis!(©«?SM^©^5^(Cts 1 2 Mm©M 
PgP^lftl*. -*««I^BSMi^2 4©«?gffiiig»SI« 
f*i*jl2 -ebT05 (g) {c^-rj:^(c. ffi 

tt^;^©.;?)'{Cp^I n Pi'^-:' F88fcJ:0*pS I nG 
aAs=J>:Sf4' Fg74ff$^L. m@*?fMUito Stt 
*jSi8^^-C»05 (h) Cc^t-J:5iCpMI nPH2 
50 FJ16©±giJK:«pMI TiPf'yV FJ18»?^^ 
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[0 05 0] *::&aJCJ;n«. itCisbOiii^mmmnt 
[0 05 1 ] 

[0 052] ^j:*J2(s:|%BJ(D^g*?S3&ibfc^>©-C*n 

<Dmm. mrj: ^ fe^Hojti-c* -set ws^-c* 

[SMcDW#=5:mB9] 

[01] :*:^B^®01©^#fe^[|-e*)^¥^^7fe««« 20 

'7^mm^^^-rmmm-c$>Ki. 01 (a) 

[0 3] :2|s:^BjcD0 2 ©^^J-C& 

[04] ^m<om3<Dmmmt^$>?>^it-^w^^* 
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*©#®^^mffi0-c*>i9, 04 (a) ummmm, m 

4 (b) »SKi^3SMi^(c*5t^^»fM«ii4^-r. 

[05] :^mmm 4 ©^^-e* 

[06] SfeSMT* s*^^^:)fe«a«■^©«^t>&.^^•r 
»r®0-e*«^« 06 < a) immmm. 06 (b) »s 

[07] tte^^aj-c* s^^f*7fe^^-?©i?ji:^* 

[08 ] m^m~c$>?>^mt^^mmm>m^=^^^-rm 

ffl0-C*S„ 

[#-^©mBJ] 

1 nm^mi^mm. 

2 nSTSPi'^';/ h'Jl 

3 SttJB 

4 pS±a5^?^^:' h-jg 

5 pMab-2)l>»T> K-7*||l iS'^-^ FJl 

6 pS*-5l»»T>K-:/||2i'^5' FJi 

7 pa3>^?i'ha 

8 pM^'^^^'Fa 

2 1 p^f^^iii 
22 mmmm 

2 3 Smi^ 

2 4 ««)^SSM1|I{ 

25 m 

3 1 pffliJH^ 
3 2 nffliJ^ 



[07] 



[08] 



(a) 



21 22 21 



(c) 



4 3 
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